Background-Prostate cancer affects one-out-of-six men during their lifetime. Dietary factors are postulated to influence the development and progression of prostate cancer. Low-fat diets and flaxseed supplementation may offer potentially protective strategies.
Introduction
This year in the U.S., approximately 186,320 men will be diagnosed with prostate cancer and 28,660 will die from it (1) . Diet is presumed to play a major role in prostate cancer, yet few studies have prospectively explored the efficacy of dietary interventions in either the preventive or complementary care settings (2.3) . While several dietary factors may be important for prostate cancer (2, 3) , we undertook a randomized controlled trial to determine the effects of flaxseed supplementation and a low-fat diet on the biology of prostate cancer and associated biomarkers, since our previous studies (4) (5) (6) (7) (8) , and the work of others suggested potential benefit (9) (10) (11) (12) .
Flaxseed, an oilseed commonly consumed in the Middle Ages as a component of breads and cereals, has largely vanished from the modern-day food supply because of its abbreviated shelflife (13) . Given its unique nutrient profile, however, flaxseed has gained recent attention as a potential functional food (14, 15) . First, flaxseed is an exceptionally rich source of dietary lignan, possessing over 800-fold the amount in most other foods (13, 14) . Previous research suggests that lignan demonstrates anti-mitotic, anti-angiogenic, anti-oxidant and phytoestrogenic effects (9, 11, 15) . Furthermore, lignan has been shown to reduce testosterone (total and free), and 5α-reductase, the enzyme which converts testosterone to its most active form, dihydrotestosterone (9, 11) . Such effects may be important for prostate cancer, a hormonally-driven neoplasm (2, 3) . Additionally, flaxseed is a rich source of plant-based omega-3 fatty acids (ω3FA), which have been shown to increase natural killer cell activity, alter tyrosine kinase cell signaling pathways, inhibit cell membrane synthesis, affect cell receptor status, and influence the eicosanoid milieu (i.e., suppressed production of prostaglandins E 2 and I 2 , and 5-hydroxyeicosatetraenoic acid via cyclooxygenase and lipoxygenase pathways) (16) . Despite the favorable effects of ω3FAs, the role of α-linolenic acid (ALA), the predominant fatty acid in flaxseed, is unclear (17) . Some reports link ALA to decreased risk of prostate cancer or find no association with risk (18) (19) (20) , while others suggest increased risk, though such findings come largely from observational studies where food sources of ALA were predominantly meat, dairy products, and salad dressings (not flaxseed) (21, 22) . It has been suggested that the metabolism of ALA may vary depending upon the concurrent intake of ω6FAs, i.e., that biochemical conversion of ALA to longer chained ω3FAs, eicosapentanoic (EPA) and docosahexanoic acids (DHA) is enhanced if ALA is consumed simultaneously with a reduced intake of ω6FAs, as in low-fat diets (23) . Given this rationale, our pilot studies of flaxseed-supplementation have always employed concurrent dietary fat restriction (5, 6) . However, low-fat diets have independently been associated with reduced risk of prostate cancer (10, 12) , though results have been inconsistent (24, 25) . Thus, there was a need to disentangle the potential effects of flaxseed supplementation and dietary fat restriction using a rigorous randomized controlled approach, and to determine whether these effects operate independently or synergistically. Herein, we report the results of a NCI-funded Phase II randomized clinical trial (NCT00049309) that employed a pre-surgical model to assess the impact of flaxseed supplementation and/or dietary fat restriction on the biology of prostate cancer and associated biomarkers.
PATIENTS AND METHODS

Study Overview
A detailed description of the methods used in this trial are reported elsewhere (26) . In brief, the trial employed a 2×2 factorial design, with the presence or absence of the two factors, flaxseed supplementation and dietary fat restriction, defining the following four treatment arms: 1) control (usual diet); 2) flaxseed-supplemented diet; 3) low-fat diet; and 4) flaxseedsupplemented, low-fat diet. The specific aims were to determine: 1) differences between study arms in tumor proliferation, as assessed by Ki-67 staining of prostatectomy specimens (primary aim), as well as rates of apoptosis (secondary aim); 2) differences between study arms with regard to change in serum PSA, total testosterone, sex hormone binding globulin (SHBG), insulin-like growth factor (IGF)-1 and IGF binding protein-3 (IGFBP-3), c-reactive protein (CRP), and serum lipids (secondary aim); 3) the effects of flaxseed supplementation and/or a low-fat diet on nutritional biomarkers, i.e., levels of lignans in the urine and seminal fluid, and fatty acid profiles of erythrocytes and prostatic tissue; and 4) to explore associations between dietary change, and changes in nutritional biomarkers, hormonal intermediates, and study endpoints (secondary aim).
Study Population
Patients with biopsy-confirmed prostatic carcinoma electing prostatectomy as their primary treatment, and at least 21 days from scheduled surgery were enrolled from Duke University Medical Center (DUMC), the Durham Veteran's Administration Medical Center, and five sites within the University of Michigan Community Clinical Oncology Program Research Base. Only mentally-competent, English-speaking-and -writing men with telephone access were considered since evaluative surveys and intervention delivery relied on telephone counseling and written materials. Other exclusion criteria were: 1) recent flaxseed-use and/or adherence to a diet ≤ 30% of kcal from fat (patients' diets were screened using the NCI Percent Energy from Fat Screener)(27); 2) dietary supplements started within the past 3-months (exception: standard multi-vitamin and mineral preparations); 3) current antibiotic-use (antibiotics reduce the intestinal microflora that convert dietary lignans to biologically-active mammalian-based lignans) (13,28); or 4) history of hormonal or other neoadjuvant therapies. The study was approved by the institutional review boards at each center. All participants provided written informed consent.
Baseline Measures
Participants received instructions and supplies to collect a chilled 24-hour urine and ejaculate sample. Men also were asked to complete the NCI Diet History Food Frequency Questionnaire (29) , and the Aerobics Center Longitudinal Study Physical Activity Questionnaire (30) . A baseline visit after a 12-hour fast was scheduled at least 14-days post-biopsy and at least 3days post-digital rectal exam (31) . At this visit, heights and weights were measured (26), surveys were reviewed, sociodemographic and medical history information was recorded, and biological samples were collected.
Blood was drawn via venipuncture (21.5 cc) and configured into plasma and sera, and cryovials were prepared and stored at −70° C until completion of the study, whereupon samples were batch-analyzed at a commercial laboratory (LabCorp, Inc., Burlington, NC) via immunochemiluminometric assay for PSA, total testosterone, SHBG, total and low density cholesterol, CRP, IGF-1 and IGFBP-3 (26) . These tests were selected since previous studies suggest that these biomarkers are associated with prostate cancer growth and/or are influenced by a low-fat diet or flaxseed supplementation (25, 26) . Erythrocytes were washed repeatedly with saline and stored at −70 °C until study completion whereupon erythrocyte membranes were batch-analyzed via capillary gas chromatography for fatty acid composition (32, 33) .
Start and stop times for 24-hour urine collections were recorded, and samples were measured for volume and aliquotted. Creatinine was measured using kinetic methods (Duke University Health Systems Clinical Laboratories and LabCorp, Inc.) to confirm 24-hour collection and to use as a benchmark for expressing lignan excretion (marker of dietary adherence to the flaxseed-supplemented regimen). Remaining cryovials were stored at −70 °C until completion of the study whereupon they were batch-analyzed. Urinary lignans were hydrolyzed and quantified via high performance liquid chromatography (HPLC) using techniques described previously (34, 35) .
Collection times and volumes of ejaculate samples were noted. Samples were held at room temperature until liquefaction was complete and centrifuged at 2500 rpm for 10 minutes. The resulting supernatant (seminal fluid) was pipetted-off, evenly aliquotted into two 2 cc Teflonstoppered cryovials, and stored at −70 °C until completion of the study whereupon it was batchanalyzed. Seminal fluid lignans were assessed using the same HPLC methods described above (34, 35) . As in the urine, converted plant-lignans are expressed in the seminal fluid and have been associated with reduced risk for prostate cancer in previous studies (9, 34) .
Randomization and Interventions
After all baseline data and biospecimens were collected, the Duke Clinical Trials Office (located off-site) randomly assigned participants using stratification variables of race (black vs. non-black) and biopsy Gleason sum (< 7 vs. ≥ 7) to one of the following arms:
Control-Men in this arm were asked to continue their usual diet.
Flaxseed-Supplementation (FS)-Men assigned to this arm were provided with ample ground flaxseed to last until their date of surgery. To reduce the variability in nutrient composition that could occur between crops, the flaxseed used for this study was obtained from ENRECO, Inc. (Manitowoc, WI) in one lot (150 kg), and was analyzed for nutrient content at two time points during the study period. Given its propensity for rancidity (13) , the flaxseed was stored in whole grain form under cold storage (4 °C), and ground and packaged in daily dose (30g) sealed opaque packets as needed; the dose of 30 g (~3 rounded Tablespoons) was chosen based on positive effects observed with an identical dose in our pilot studies among men with prostate cancer, as well as a similar dose, i.e., 25 g used successfully by Thompson et al. in a clinical trial among women with breast cancer (36) . Starter kits with stepped doses of ground flaxseed were provided, i.e., 10g for days 1-3, 20g for days 4-6, and 30g for day 7 and beyond; a stepped-dose was used to accustom the gut to the considerable fiber load imposed by the flaxseed (~9g of fiber/30g dose). Men receiving flaxseed also were instructed to drink at least 64 oz of fluids/day to reduce potential risk of colonic impaction or dehydration resulting from the increased fiber load (13, 37) , and to keep their flaxseed packets under refrigeration (to retard spoilage). Participants in this arm also were provided with logs to record their daily intakes of flaxseed to the nearest quarter of a packet, and to return any unused packets at followup. These procedures were adapted from pill counts which provide a valid measure of adherence in pharmacologic trials (including fiber supplement trials) (37, 38) .
Low-fat Arm (LF)-Men randomized to this arm were instructed by registered dietitians on a diet with ≤ 20% of energy from dietary fat. Fat gram "budgets" were individually calculated using the following formula: ideal body weight (lb) × 15 × 0.2 kcal from fat/9 kcal/gram. Men were provided with fat gram counters (T-Factor 2000, W.W. Norton, Inc., NYC) and instructed to record all foods consumed with corresponding fat gram counts, and to tally their number of fat grams daily. Participants also received written and verbal instruction on meal planning, food preparation, shopping, and dining.
Flaxseed-supplemented, Low-fat Diet (FS+LF) Arm-Men in this arm received instruction and supplies for both of the diet regimens described above.
Men in all arms were contacted weekly by study staff to maintain contact, assess and reinforce adherence, and answer any diet-related questions. Additionally, participants' wives or partners were encouraged to attend the baseline appointment.
End-of-Study Measures
Follow-up visits were conducted within three days of surgery. All baseline measures (except height) were repeated, and changes in health status and medication-use were assessed. Potentially relevant side effects, i.e., nausea, vomiting, diarrhea, decreased libido or impotence, and allergy were collected using the NCI Common Toxicity Criteria (version 3.0) (39) . Men assigned to diet-modified arms also were asked to report the number of days/week they adhered to their assigned diet regimen and the average amount of flaxseed consumed, if appropriate. Upon prostatectomy, prostatic tissue was retrieved from defined central and peripheral zone regions using a 3 mm biopsy punch. Tissue samples were flash-frozen in liquid nitrogen and stored at −70 °C until study completion.
Histopathologic Outcomes
The primary study pathologist (RV), blinded with regard to study condition, reviewed clinical pathology reports and all slides for each case; he then chose one slide and one block per case for determination of proliferation and apoptosis. Slides (and blocks) were chosen based on the presence of adequate tumor, as well as benign tissue, and the histological grade of tumor on the slide was representative of the entire tumor in the specimen. Proliferation counts were assessed using the antibody MIB-1 for Ki-67 hybridoma clone at a dilution of 1:200 (Biocare, Walnut Creek, CA) (40) . This marker has validated-use in nutrition intervention trials (41) and has been endorsed by the Prostate Cancer Chemoprevention Trial Consensus Panel as an accurate and reproducible measure (41) . The labelled strepto-avidin/biotin/peroxidase/ diaminobenzidine tetrachloride (DAB) method (Biocare, Walnut Creek, CA) was used with antigen retrieval by pressure-cooking in citrate buffer (DAKO, Inc., Carpintera, CA). Slides were counterstained with hematoxylin, and tonsillar tissue with lymphoid hyperplasia served as a control. Prepared slides were independently reviewed by the primary and secondary study pathologists (RV, JFM), both of whom were blinded to study condition. The following method was used: 1) at low magnification, a random starting point in the tumor was chosen; and 2) at high magnification, sequentially-encountered tumor cell nuclei were evaluated for Ki-67 positivity. The result was reported as the ratio of positive nuclei divided by the total number evaluated × 100.
The degree of apoptosis was measured using the terminal deoxynucleotidyl transferase (TdT)mediated dUTP-nick end-labeling (TUNEL) method [TdT-FragEL kit (with manufacturer control), Ongogene, Boston, MA] (42) . Pretreated slides were incubated in biotin-labeled/ unlabeled deoxynucleotides containing TdT at 37°C for 1.5 hours. The biotinylated nucleotides were detected using a streptoaviden-horseradish peroxidase conjugate and then reacted with diaminobenzidine, forming an insoluble, brown precipitate at the site of DNA fragmentation. Using light microscopy and assessing the degree of nuclear staining against a methyl green counterstain, labelled nuclei were then evaluated. Because preliminary results with the TUNEL stain indicated a very low number of positive nuclei, formal counts were not done. Instead, many microscopic fields (well over 1000 cells) were examined, and staining for TUNEL was ranked by the study pathologists as follows: score of "0" for no positive cells to rare cells, "1" for occasional positive cells, and "2" for frequent positive cells. Averaged values of the two pathologists' scores were then used in statistical analyses (see reference 26 for greater detail and issues regarding histopathologic assessments and analysis).
Statistical Design and Analysis
This trial employed a 2×2 factorial design, with the presence or absence of flaxseed supplementation and low-fat, generating the four treatment arms. Thus, there were two primary tests, one for flaxseed supplementation and one for low-fat. The primary statistical outcome variable was proliferation rate. Our preliminary studies suggested that the combination of flaxseed supplementation with a low-fat diet resulted in log proliferation rates that were on average 33% lower than the rates observed among control subjects, or an effect size of approximately 0.56. Here, effect size was defined as the absolute value of the ratio of the differences of the two means to the (common) standard deviation. For a sample size of 128, the asymptotic power of the two-sided, two-sample t-test, at a level of 0.05, is 0.90 for detecting an effect size of 0.50, assuming that the proliferation indices in both arms are log-normal with common variance. The accrual target was set at 160 patients (40/arm) to account for attrition and the possibility of a weak negative interaction between flaxseed supplementation and lowfat factors with respect to proliferation rate. While power calculations were based upon the primary endpoint (proliferation index), data from our pilot study suggested that there also would be comparable power to detect differences between arms with respect to secondary outcomes. No adjustment was made for multiple comparisons since these analyses were considered exploratory.
Analyses were based on the intent-to-treat principle, and all participants were included in the arm to which they were randomized. For the primary hypotheses, the analysis population was restricted to those patients from whom cell counts (numerator and denominator) were available from both readers. Kruskal-Wallis tests were performed on the number of evaluated cells to insure that denominators did not differ between study arms; they did not (p =0.90). For each study participant, the proliferation "score" was defined as the log of the average of the proliferation index from each reader.
Per protocol, the association between the log-transformed proliferation score and flaxseed supplementation, and the log-transformed score and low-fat were to be tested using a twosample t-test. For cases where the score was zero, the minimum non-zero score was imputed. We also used a Generalized Estimating Equation approach (Poisson variance function) as well as a Generalized Linear Mixed Effect approach (Poisson distribution conditional on the random effects) to model the proliferation counts as a function of the experimental factors and covariables while accounting for the variability between the readers and among the patients. However, the results from these approaches added little to the simpler approaches. Analyses revealed no evidence that the low-fat diet was associated with the proliferation score; however, there was strong statistical evidence that flaxseed supplementation was associated with the score. Thus, to follow-up further on the flaxseed supplementation result, we employed a battery of sensitivity analyses. Unstratified and stratified (by low-fat) two-sample Wilcoxon tests were used to assess sensitivity with respect to the assumption of normality, the log-transformation and the imputation for ratios of zero. For two patients, the readings from one of the pathologists were not available. Both of these patients were from the flaxseed-supplemented arms. For these missing data, we imputed the maximum score for the reader to generate a worst case scenario unfavorable to the flaxseed supplementation effect. These results supported our initial finding that flaxseed supplementation is associated with the score.
Following the protocol, standard linear regression models were used to analyze the effect of baseline variables such as race, age, BMI, and biopsy Gleason sum in a multivariate model. For all other univariate analyses, the association between continuous outcomes and factors were tested using t-tests, while the association between frequency outcomes and factors were tested using chi-square tests for contingency tables.
RESULTS
Patients
Between July 5, 2002, and April 17, 2006, a total of 1,090 men with histopathologicallyconfirmed prostatic carcinoma were screened and 161 were randomly assigned to one-of-four treatment arms (Fig. 1) . Leading reasons for non-accrual were ineligibility due to selection of other treatment besides prostatectomy or because surgery was scheduled within a 21-day window (see reference 26 for details). Cancelled or rescheduled prostatectomy was the sole reason for attrition; drop-out rates were 7.5%. No age or race differences were observed between participants and non-participants, and study completers and those lost to follow-up. No differences in attrition were observed between study arms. Table 1 provides the baseline characteristics of the study sample. The trial was successful in accruing a racially representative sample, though the proportion of college-educated participants was higher than the population-at-large, i.e., 42% vs. 31% (43) . Data on PSA and biopsy Gleason sum suggested that most participants had earlier-stage disease, with roughly two-thirds having biopsy Gleason sums ≤6. As in the general population, a majority of these middle-aged men were overweight or obese, and substantial numbers had cardiovascular disease or diabetes, and regularly took medications associated with these conditions. No differences existed between study arms with regard to any of these variables. Table 2 presents data on protocol duration, reported side-effects, self-rated adherence, biological markers of adherence, and the impact of dietary modification on body fluids and target tissues. The average duration on study was 30.7 days, with little variation among arms. By-in-large, there was a complete absence or only mild side effects reported. However, several participants reported symptoms of low libido or erectile dysfunction, though no differences were observed between study arms for this or any other side effects.
Dietary logs revealed good-to-excellent adherence. Adherence to flaxseed supplementation was supported by significantly higher lignan intakes and expression within urine and seminal fluid. Participants assigned to low-fat diets significantly reduced their fat intakes to 25-28% of Calories and had higher dietary intakes of EPA since they substituted fish for red meat in efforts to reduce overall fat consumption. However, the proportion of dietary ω3:ω6FAs was significantly higher among flaxseed-supplemented participants owing to significantly higher intakes of ALA. Both erythrocytes and prostatic tissue had significantly higher levels of EPA (not ALA) in the flaxseed-supplemented arms, suggesting that dietary ALA from flaxseed sources may be converted to longer chained ω3FAs in vivo. The prostatic tissue of flaxseedsupplemented participants also had significantly higher proportions of ω3FAs (ALA+EPA +DHA) to ω6FAs (arachidonic+linoleic acid).
Tumor proliferation rate (primary endpoint) was significantly lower in the flaxseedsupplemented arms (Table 3/ Fig. 2) . While the significance level varied depending upon the various methods used, findings always remained significant (P-values ranged from 0.0007 -0.02) (25) . Although the flaxseed supplementation effect appeared somewhat stronger among African-American patients and also among those with Gleason sums <7, these results were not statistically significant based on standard statistical interaction tests. In contrast, there was no statistical evidence suggesting an impact of the low-fat diet on proliferation. Furthermore, no differences among treatment arms were noted for apoptosis or Gleason sum.
Over the presurgical study period, serum PSA, testosterone, IGF-1 and IGFBP-3 decreased in all arms, with no differences in change observed between arms. Within the control arm these decreases were significant for testosterone and PSA (P-values < 0.05), and of borderline significance for IGF-1 (P = 0.0547). No between arm differences were observed in change scores for SHBG, free androgen index, and CRP. Participants in the low-fat arms experienced significant reductions in body mass index, and total and low density lipoprotein cholesterol.
Discussion
While other studies have employed presurgical models to test the effects of complementary therapies on prostate cancer (44, 45) , to our knowledge, this has been the largest effort to date . Not only does it demonstrate the feasibility of implementing complex prevention trials within the community setting, it also suggests that flaxseed is well-accepted, safe to use, and may affect tumor proliferation rates. These effects appear independent of dietary fat intake, though we lacked adequate power to detect interactions. Furthermore, mean decreases in fat intake to only 25-28.4% of total calories, instead of the prescribed level of <20%, may have jeopardized our ability to observe effects that may have accompanied better adherence. The low-fat diet has shown success in other studies, though these studies also included exercise and endpoints differed (10, 12) .
Our observation of lower proliferation rates with flaxseed supplementation is consistent with our previous in vitro work in LNCaP, DU-145 and PC-3 prostate cancer cell lines which also found inhibited cell growth with exposure to flaxseed-derived lignans (8) . Lower cellular proliferation, and reduced tumor burden and urogenital weight also was found in our preclinical study using the transgenic adenocarcinoma mouse model which compared 5% flaxseed supplementation vs. an elemental control diet (AIN-76A) (7) . Furthermore, the lower proliferation rates observed with flaxseed supplementation in the current study, parallel findings from our previous clinical studies, one which also used a presurgical model and found lower proliferation indexes among 25 patients assigned to a flaxseed-supplemented, low-fat diet as compared to historic controls matched on Gleason sum, PSA at diagnosis, disease laterality, race and age (5) , and another which found reduced pre-post proliferation rates in the benign epithelium of patients with abnormal biopsies scheduled for rebiopsy (6) . Reduced proliferation rates with flaxseed also have been observed by Thompson et al. who employed a presurgical model in breast cancer (n=32) and found a 34.2% reduction in the Ki-67 labelling index (p=.001) (36) ; the strength of this study is that the tumor proliferation rate in biopsy specimens serves as a strong baseline measure from which to assess change in tumors in the breast, whereas in prostate cancer the ability to assess change from biopsy to surgery is limited given its multi-focal and biologically-diverse nature. Animal studies by Thompson and colleagues also support reduced proliferation rates with flaxseed supplementation (46, 47) . Therefore, all published studies have observed lower or reduced proliferation rates with flaxseed supplementation, thus providing a consistent finding.
However, unlike previous reports, including one of our recent studies which found that flaxseed-derived lignans induced apoptosis in LNCaP cells via a mitochondrial-mediated casedependent pathway (4-7,46,47) we did not observe differences in apoptosis between treatment arms. Indeed, we observed little variation in TUNEL scores in this study, since apoptosis was either absent or negligible in the majority of our samples. Reasons for this are unknown.
In contrast to our previous studies conducted among men with prostate cancer and those with abnormal biopsies that showed high grade prostatic intraepithelial neoplasia or foci of atypical cells (5,6), we did not observe differences in PSA change between the study arms. Curiously, all study arms experienced significant decreases in both PSA and testosterone during the presurgical period. While Nakashima et al. (48) report consistent decreases in testosterone among patients from pre-anesthesia to 7 days post-prostatectomy, there are no antecedent reports of decreases in testosterone or PSA during the presurgical period. A handful of reports exist; however, describing declines in testosterone with acute stress imposed in the laboratory setting or observed in community-dwelling subjects under a variety of situational factors (49) . Therefore, the decreases in testosterone observed in this study may relate to the acute stress attendant with impending surgery-a decline in testosterone that then drives PSA downward. Further study is needed to support or refute this conjecture. The decreases in PSA noted within the control arm also point to the importance of a randomized controlled design during this period of time, and provide evidence that subjects are unable to serve as their own controls.
Our initial premise, that flaxseed exerts its effects through androgen and IGF pathways was unsupported, at least with respect to the biomarkers tested. Indeed, it is possible that other biomarkers assessed along these pathways might be responsible for the effects that we witnessed. For example, reductions in intracellular 5oc-reductase, effects on IGFBP-1 or -2, or other mechanisms may be at play, such as natural killer cell activity, vascular endothelial growth factor, etc (2, 3) . Eicosanoid-related pathways may hold particular promise since our data suggest that the ALA in flaxseed may be converted to EPA in both the erythrocytes and the target tissue. Therefore, membrane-mediated events that directly relate to the mechanical integrity of cell membranes or to signal transduction also warrant further exploration, as do mechanistic studies that build on recent work suggesting that ω3FAs may impact HER2 (erbB-2) oncogene expression and thus hold promise for both breast and prostate cancer (50) . In addition to mechanistic studies, investigations also are needed to determine dose-response and effects among patients who manifest recurrent disease after surgery or those electing expectant management.
An unexpected finding of this study was despite the fact that ALA intakes were significantly higher among flaxseed-supplemented men, we did not find any evidence that this translated into higher levels of ALA in the erythrocytes or prostatic tissue. Instead, we found evidence that EPA levels were higher, thus suggesting that conversion of ALA to higher-chained ω3FAs may occur and may not be as rate-limiting as previously thought (23) . Speculation exists as to whether ALA from various sources is metabolized differently or may be influenced by energy balance or temporal changes in the hormonal milieu, thus calling for further investigation. Therefore, more research is needed regarding ALA and prostate cancer, especially studies which control for salient risk factors and which can distinguish between markers of dietary intake or of energy balance, and those that are on the causal pathway (17) . While erythrocyte levels of fatty acids provide a reliable measure of intermediate intake (51, 52) , in conducting further study, the use of other methods, such as radioisotope tracing to discern immediate effects on metabolism, as well as fatty acid analyses of fat biopsy tissue for longer term investigations would be of interest.
Additionally, this trial produced findings which again support the benefits of a low-fat diet in reducing serum lipids, and helping with weight management via a reduction in energy intake. While the reduction in dietary fat to 25-28.4% of total energy did not translate specifically into favorable outcomes in prostate cancer associated endpoints, since cardiovascular disease is a leading co-morbid factor among men with prostatic carcinoma (2) , this study provides favorable findings for both interventions. However, unlike a low-fat diet which has proven benefit for cardiovascular disease (53) , further studies are needed before we can definitively support flaxseed supplementation as a proven complementary therapy for prostate cancer. To date however, the evidence suggests that flaxseed is: 1) a good, low cost source of select vitamins and minerals, and fiber; 2) is well-accepted and safe to use; and 3) warrants further testing as a preventive or complementary therapy for prostate cancer.
Caution however is warranted in generalizing these findings. Limitations that are specific to the study design (i.e., lack of a placebo-control and lack of power to detect the potential impact of the low fat diet or interactions by study arm or race), the study sample (i.e., overrepresentation of more highly educated men) or inherent difficulties in conducting prostate cancer research (i.e., the multifocality of prostate cancer or small volume disease) may have influenced our findings. While overcoming these challenges may be difficult, e.g., the creation of a food product that could successfully mask a 30 g. dose of flaxseed, others such as, conducting further research to determine dose-response and additional mechanisms of action, as well as further studies aimed at determining the potential synergy between low fat and flaxseed regimens, or potentially stronger effects among African-Americans is of particular interest.
In summary, this pre-prostatectomy evaluation of the chemopreventive potential of two nutritional interventions utilizes surrogate endpoint biomarkers as primary endpoints. In our study, the modest sample size and short duration, together with the infrequency of cancer recurrence, precluded investigation of clinical cancer endpoints. Furthermore, the development and validation of molecular markers as modifiable surrogates for preferred clinical endpoints remains a work in progress. Although the strength of conclusions drawn from our data is limited by these factors, our study makes several important contributions to clinical intervention trial implementation in cancer prevention. Indeed, the down-regulation of Ki-67, a candidate surrogate for cell proliferation, in the flaxseed-treated arms is highly suggestive of an anticarcinogenic effect on prostate cancer cells in vivo. Thus, this study serves to generate hypotheses for future larger trials in which flaxseed supplementation can be juxtaposed against prostate cancer recurrence, thereby testing the cancer preventive efficacy of the intervention, as well as contributing to the literature documenting the validity of Ki-67 as a surrogate endpoint biomarker. The current emphasis on biomarker development is thus well-served by this study. Therefore, this study contributes not only to development of nutritional preventive interventions for prostate cancer, but also exemplifies the successful implementation of a study model in which biomarker development is carried-out in a cancer prevention trial that targets accrual within the community setting. Table 1 Characteristics of the study sample 22% (9) 27% (11) 30% (12) 25% (10) Race % (n) White 70% (112) 68% (28) 67% (27) 70% (28) 72% (29) N.S.
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